The three age groups of people from Warsaw: children, young adults and elderly people were examined for the prevalence of infection with Pneumocystis jirovecii. Nested PCR was used to amplify fragment of mitochondrial large subunit rRNA of the fungus in samples of oropharyngeal swabs. Nineteen (12.8%) of the 148 examined samples were positive for DNA of P. jirovecii. The samples collected from children were more often positive than the samples from young adults (p = 0.003) or from both groups of adults (p = 0.0029). Moreover, among adults (n = 99) proportion of infected women (n = 6; 12.5%) was significantly higher than men (n = 1; 2%). Results of the research confirm the high prevalence of Pneumocystis infection in children and indirectly point out to children as a possible source of infection for older people.
Introduction
The epidemiology of infection with Pneumocystis jirovecii is yet to be fully understood. For a long time the view was that Pneumocystis infection occurs during childhood and remains in a dormant state for the remainder of the life of the person, causing pneumonia whenever a significant immunological decrease takes place in the organism . However, studies conducted among humans and animals have shown that eliminating Pneumocystis after the infection is possible (Chen et al. 1993 , O'Donnell et al. 1998 . Research employing molecular techniques has also shown evidence of reinfection. By examining patients who have suffered from pneumocystosis several times, different genetic types of P. jirovecii were isolated at subsequent stages of the disease (Keely et al. 1995) . Furthermore, it has been noted that the genetic pattern of Pneumocystis isolated from infected people is not similar to the pattern characteristic for isolates collected at their place of birth, but is more often in accordance with the pattern characteristic for the place in which the person resided at the time of collection of the specimen (Beard et al. 2000) .
With the acquisition of Pneumocystis by means of further reinfections it is becoming an important matter for public health to identify its reservoir and sources of human infection. Thus far, no freely existing form of the fungus in the environment has been detected, although the presence of its DNA in air samples was confirmed (Bartlett et al. 1997 , Olsson et al. 1998 . The possibility of infecting immunocompetent, healthy people through contact with people suffering from Pneumocystis pneumonia has also been confirmed (Miller et al. 2001) . Some studies show the occurrence of asymptomatic infections with Pneumocystis among immunocompetent people, who might constitute a reservoir for the fungus as well as a source of infection , Durand-Joly et al. 2003 , Medrano et al. 2005 .
In search for the source of infection and a potential reservoir for Pneumocystis among immunocompetent people there were examined samples of oropharyngeal swabs collected in the years 2001-2002 from citizens of Warsaw who sought medical help due to upper respiratory tract infection.
Materials and methods
One hundred and forty eight samples were randomly selected from the pool of 946 samples collected from the patients of Warsaw clinics in the period between 01.09. 2001 and 02.12.2002 . The oropharyngeal swabs were taken in order to determine the etiological virus factor for the upper respiratory tract infection. The material was obtained by trained medical personnel in three different medical centers using a proce-DOI: 10.2478/s11686-008-0003-1dure of swab collection for virological purposes. The conducted work includes the material remaining after virological research, which was stored at -24°C at the Department of Virology of the National Institute of Hygiene.
The samples were divided into three groups, depending on the age of the patients. Group 1 -children; consisted of 49 samples from children who were one to six years old (mean 4 years). Group 2 -young adults; included 51 samples from people at the age of 20-45 (mean 29 years). In the 3rd group, i.e. elderly people, there were 48 samples at the age over 60 (mean 69 years). The most common clinical symptoms in all age groups were pharyngitis (79%) and rhinitis (47%). Additionally, 30% of the patients from the two adult groups had symptoms of laryngitis. Bronchitis was diagnosed in 5 patients, 1 of whom was a child and the remaining 4 belonged to the third group. Laboratory testing confirmed respiratory virus infection in 51% of the examined patients (see Table I ).
The defrosted material from the swabs was digested with Proteinase K 20mg/ml in a buffer containing Tris-HCl (pH 8) 0.01 M, NaCl 0.1%, EDTA (pH 8) 0.025 M, and 0.5% SDS for 20 h at 56°C. DNA was isolated using the phenol-chloroform method.
The nested PCR method was applied to amplify the P. jirovecii DNA, using the following pairs of PCR primers: pAZ 102-E (5'-GAT GGC TGT TTC CAA GCC CA-3') and pAZ 102-H (5'-GTG TAC GTT GCAAAG TAC TC-3') in the first round; pAZ 102-X (5'-GTG AAA TAC AAA TCG GAC TAG G-3') and pAZ 102-Y (5'-TCA CTT AAT ATT AAT TGG GGA GC-3') (Wakefield et al. 1990 , Tamburrini et al. 1996 . In the first round PCR conditions included a 95°C hot start for 15 min; followed by 35 cycles of a program consisting of 94°C for 90 s, 55°C for 90 s, 72°C for 90 s; followed by a termination step at 72°C for 5 min. The conditions for the second round of PCR were a 95°C hot start for 15 min; followed by 35 cycles of a program consisting of 94°C for 90 s, 54°C for 90 s, 72°C for 90 s; followed by a termination step at 72°C for 5 min.
The results of samples amplification were analyzed by electrophoresis on a 2% w/v agarose gel containing ethidium bromide, with subsequent detection of bands under UV illumination. The positive result of the PCR reaction was a product of 346 bp and 263 bp for the nested PCR.
The experiments were conducted in accordance with standards applied in accredited laboratories, including a system of negative controls to check for an eventual laboratory contamination of the samples during testing.
Statistical analyses -chi-square, Fisher test and normal approximation confidence interval for proportion -were performed with SAS software version 9.1.
Results
Nineteen (12.8%) of the 148 examined samples were positive for DNA of P. jirovecii. Out of the 19 positive samples, 12 were found in the first age group (1-6). Prevalence of this constituted 24.5% of samples examined in this group. Two (4%) were detected in the second group (20-45) and five (10.4%) in third (>60). Statistically significant differences in prevalence among the age groups of samples were found. The samples collected from children were more often positive than the samples from younger adults (p = 0.003) or from both groups of adults (p = 0.029).
In the group of children, no statistical differences in proportion regarding the gender of the infected were observed. However, among adults the proportion of infected women (12.5%) was significantly higher than men (2%, p = 0.004).
The frequencies of confirmed infections with respiratory viruses were similar for the group positive for DNA of P. jirovecii (58%) and the entire group of examined people (51%) ( Table II) .
Discussion
This is the first study concerning the occurrence of Pneumocystis in immunocompetent people in Poland. We have searched for Pneumocystis carriers among patients from different age groups and for this purpose we have selected material taken from children, adults of procreative age whom we may consider potential parents and elderly people, the potential grandparents. We have used the nested PCR method due to 107 OEl¹ski its proven potential for detecting asymptomatic cases of infection when examining oropharyngeal swabs (Icenhour et al. 2001 , Linke et al. 2003 , Go³¹b et al. 2006 . Primary Pneumocystis infection is known to take place during early childhood, a fact proven by detecting Pneumocystis antibodies in infants. According to studies conducted in Poland, the percentage of asymptomatic, anti-Pneumocystis IgG positive infants aged 2-12 months was 44% (11 out of the 25 examined). Among infants aged 10-24 weeks with acute respiratory tract infections this number rose to 70.4% (354 out of 503) (Go³¹b et al. 2002) . Basing on seroepidemiological studies, Vargas et al. have found antibodies in 85% of infants from Chile while Respadiaza et al. have noticed seroconversion in 52, 66 and 80% of Spanish children aged 6, 10 and 13 years, respectively (Vargas et al. 2001 .
Molecular studies show that Pneumocystis infection in immunocompetent children can take the form of a respiratory tract infection without symptoms of pneumonia. Nevez et al. have detected Pneumocystis DNA in 24.3% of nasopharyngeal aspirates collected from 178 French infants and preschool children with bronchiolitis (Nevez et al. 2001) . In Chile, 32% out of 74 examined children with mild respiratory infections were diagnosed as Pneumocystis carriers (Vargas et al. 2001) . The high (24.5%) percentage of infected children in the group that we examined is close to the results of Nevez et al. (2001) and seems to confirm the assumption that immunocompetent children are a reservoir and a potential source of Pneumocystis jirovecii for the adults. On the other hand, the thus published data concerning infection occurrence among immunocompetent adults without chronic lung diseases differ significantly. Nevez et al. have not detected Pneumocystis carriers while examining 30 people aged 39-80 years from the Amiens region in France (Nevez et al. 2006) , whereas Medrano et al. (2005) have detected as many as 20% of Pneumocystis carriers among inhabitants of Seville, Spain aged 33.9 years (+/-9.45 years).
We found ten times fewer carriers among the group of adults (group 2) than Medrano et al. (2005) , despite the fact that the groups' ages were similar. The explanation of the discrepancies between our results and the results of Spanish researchers might be the choice of examinees. Our group did not consist of hospital patients; neither were they health service workers who could be exposed to frequent contact with patients suffering from Pneumocystis pneumonia. The participants of the Spanish study included people who, while not having any direct contact with patients or hospital wards, were still members of the Occupational Health Service. Thus, it is justifiable to assume that at work they had often met with asymptomatic carriers from hospital personnel, who had such contacts. It has been proved that immunocompetent health service workers acquire Pneumocystis infection from the ill (Miller et al. 2001 . Although the fact of transferring infection between immunocompetent healthy individuals is not yet confirmed, the possibility should not be ruled out. Such a way of spreading infection could explain the high percentage of among people examined by Medrano et al. (2005) .
According to Nevez et al. (2006) the high percentage of carriers among healthy people might be connected with the high probability of contact with those suffering from pneumocystosis, which might happen in places where AIDS cases are frequent. However, according to the results of our studies a greater influence on the infection rate among adults might be attributed to contact with children, which would correlate with the significantly higher percentage of infected women. The aforementioned statement seems to be confirmed also by the high percentage of infected in the eldest age group (60-83 years), since it is frequent in Poland for grandparents, and especially grandmothers, to take care of their grandchildren. The lower (4% vs. 10.4%) prevalence of infection among younger adults in comparison to elderly people may probably be attributed to two reasons: firstly, grandparents often look after sick children while their parents are at work; secondly, it is possible that younger organisms are capable of eliminating the infection more efficiently. According to our knowledge, the relation between the frequency of Pneumocystis occurrence and age was not yet studied among adults not suffering from serious respiratory tract dysfunctions. Examining such patients, Calderon et al. and Maskell et al. did not point out to greater risk of carriage with increasing age , Maskell et al. 2003 . However, in research conducted by Helweg-Larsen et al. (2002) on a group of 364 people, those infected with Pneumocystis were statistically older (median age 74 years) than patients who were not infected (median age 62 years) (p = 0.011).
The described results of our research confirm the high prevalence of Pneumocystis infection in children and indirectly point out to children as a possible source of infection for older people.
